The conventional space-time codes can provide a significant improvement in system performance only if the signal paths are spatially uncorrelated, a condition that is hardly met in practice. In this paper we mitigate this condition by combining a technique of eigenbeamforming, based on the channel correlation matrix, with orthogonal space-time block code (O-STBC) at the transmitter side of the link. No Feedback information from the receiver (the mobile station) is utilized in the proposed structure. Simulation results using 4-ary PSK signaling showed that this idea outperforms existing techniques in both uncorrelated and correlated channels in terms of bit-error rate and symbol-error rate.
INTRODUCTION
With help of advanced signal processing algorithms it has been shown in [1] - [3] that wireless communication systems employing multiple transmit and receive antennas can provide a considerable gain in both system capacity and error rate performance. Researchers in recent years have been focusing on formulating new designing criteria for optimizing system parameters [4] - [6] . However, common trade-offs in their systems often take place between the system performance and its computation complexity.
A remarkable milestone was reached in 1998 when Alamouti developed a space-time code and demonstrated in [7] that a significant diversity gain can be achieved with a little system complexity added. Later this scheme was generalized in [8] using orthogonal space-time block codes and including transmit diversity. However, the improvement introduced by these space-time codes is dependent on the assumption that the channel is sufficiently uncorrelated. In practice, different signal paths arrived at the receiving antennas are often correlated to some degree.
In this paper, we introduce a new transmit diversity scheme by jointly using transmit eigenbeamforming with O-STBC. This new scheme combines the capabilities of these two different transmission techniques in exploiting propagation channel characteristics to achieve a considerable performance in wireless transmission in spatially correlated channel environment. The underlying concept of our proposed scheme is the transmission of data symbols that is encoded by the O-STBC in the direction of strongest signal path seen by the base station (BS). Transmit beamforming weights were generated by the decorrelation process of channel spatial covariance matrix formed by the reverse link path angles estimates. With this new transmission technique, it is possible to eliminate the need for feedback signalling of the forward link channel estimates from the mobile station (MS). Furthermore, the proposed scheme requires less computation and system complexity than that required by other schemes.
SYSTEM MODEL
As illustrated in Fig. 1 , we consider a cellular communication system in a multiple input multiple output (MIMO) channel configuration comprising t N transmit antennas at the BS and r N receive antennas at the MS. The BS transmitter is assumed to have no knowledge about the wireless channel coefficients but perfect knowledge of angle-of-arrival (AoA) of reverse link signals received at the BS. By utilizing this channel information, transmit antenna weights can be found by performing eigen-decomposition of channel correlation metric formed by this channel knowledge. In this paper, we propose the use of a transmitter consisting of a spacetime encoder followed by an eigenbeamformer. First, a sequence of information bits 
which are then split into a set of t N parallel symbol sequences and linearly transformed by the BS antenna weights and transmitted during p time intervals. are matrices that designed to satisfy the orthogonality condition that is well documented in both [8] and [9] :
where (.) denotes the complex conjugate and I is the identity matrix.
The information-bearing signals are then transmitted over a wireless fading channel. The coherent bandwidth of the channel is assumed to be much larger than the signal bandwidth, hence, the individual channel between each transmit and receive antenna is modeled as frequency-nonselective in this paper. Finally, maximumlikelihood (ML) decoding is performed at the receiver in order to recover the transmitted data.
Correlated Fading Channel & Eigen-decomposition
We assume that a uniform linear array (ULA) configuration is used for the t N transmitting antennas at the BS with a spacing of d meters between adjacent antenna elements. In the reverse link transmission over a multipath channel environment, let the n th path signal impinging on an ULA have an angle-of-arrival (AoA) of n . The array propagation vector can be found as follows:
where ) sin( 2 n d and being the carrier frequency wavelength. In general, the spacing between the elements of ULA at the BS is not large due to the condition at the antenna site to have zero cross-correlation factor. Therefore, spatial correlation between antenna elements would be effective. This correlation is defined in [10] based on the geometric scenario characterized by AoA. According to [10] , the spatial covariance matrix that specifies the spatial correlation between antenna elements is given by: u , is the channel-fading coefficient between the i th transmitting antenna (at the BS) and the j th receiving antenna (at the MS) and is modeled as a zero-mean complex-valued Gaussian process with Jakes power spectrum density.
To maximize the transmitted signal power along the dominant multi-paths, eigen-decomposition of the spatial covariance matrix should be performed, then we apply the resulting antenna weights given by the eigenvector that corresponds to the largest eigenvalue. The eigendecomposition has the following form:
where ) ( can be found is the first column of V and the transmission on different eigenvectors will lead to uncorrelated channel fading.
Received Signal Model
Let H be the channel matrix of a dimension of (6) where is the receiver noise matrix and its j i, denotes additive white Gaussian noise of the MS receive antenna j at time instance i with a zero mean and one-sided sample variance of
In this paper, we assume that the MS receiver has perfect channel knowledge. To decode the received signal matrix, the ML detector evaluate the decision matrix and decides in favor of the codeword that minimize denotes the Forbenius norm.
ERROR PERFORMANCE ANALYSIS
In this section we analyze the error rate performance of the proposed transmission scheme for a time varying channel, where the receiver is assumed to have perfect knowledge of the channel. The system error probability is usually expressed as a function of SNR at the receiver. Therefore, we first find the SNR expression at the output of the maximum ratio combiner (MRC). With this result we then derive the system error probability.
SNR Expression
We assume that the data sequence . In [5] it is shown that the average received SNR at the output of MRC is expressed as represents the dominant eigenvector of the channel correlation matrix, hence, the product of
where is the largest eigen-value of the eigen-decomposition of matrix R . Following [11] , we can express the average SNR as:
Probability of Error
If we rewrite the decision matrix at the receiver ML and follow the work in [9] and [12] , the pairwise error probability (PEP) for the decoder to decide the symbol ) ( n s in favor of ) (n s can be given by: (8) where (.) Q is the classical definition of the Gaussian Qfunction. Assuming the output symbols ) (n s to be taken from some 2-D constellation S and are modulated according to a Gray code, the BER for M-ray PSK modulated signals can be approximated by:
It is clear in the above equations that as the SNR increases, the error probability decreases. This is also true for the number of receive antennas and the eigen-value, . A slight variation in performance is observed between theoretical results and simulation. This is due to the fact that random realizations of channel coefficients in the numerical simulation are not always equal to the statistical averaged values used in theoretical analysis. Nevertheless, simulation provides comparable system performance curves.
NUMERICAL RESULTS AND DISCUSSION
In Fig. 2 , we show simulation results of the new transmit diversity scheme that depicts both SER and BER performance with G as specified in [12] . The performance curves showed that the diversity improvement in having an additional receive antenna is at an average of 4.5 dB for both SER and BER over a single receive antenna. This is consistent with the simulation results in [11] .
A similar performance curve is shown in Fig. 3 , where the forward link channel is modeled as macrocell environment with geometrically based hyperbolically distributed scatterers (GBHDS) . This channel model is recently proposed in [13] . In this case lower error rate probability is obtained. This proves that the decorrelation process (eigen-decomposition) gives better performance in an environment with a higher degree of spatial channel correlation. The diversity improvement of using two receive antennas over a single antenna is at an average of 5.5dB in the above GBHDS channel model. More importantly, if we compare the error rate performance over these two figures, a significant gain in SNR of about 4dB at an error rate of 
CONCLUSIONS
In this paper an adaptive transmit diversity scheme that combines eigenbeamforming with orthogonal space-time block coding is proposed. With an effective utilization of spatial signal correlation at the base station, the performance of a predetermined space-time code is improved. Simulation results demonstrated a significant performance improvement in terms of symbol-error-rate and bit-error-rate over two channel models with different spatial correlations and different number of receiving antennas. Numerical analysis by means of pairwise error probability for the system performance is also presented.
The effects of channel parameters estimation error on the error rate performance of the proposed technique in the presence of Gaussian plus impulse noise are of our next interest. We are currently conducting research in this direction and the results would be presented in the future works.
